The investigation of influence of Xe + ions irradiation of graphite on its surface topography and wettability was conducted. With the increase of the irradiation dose, the roughness average increases rapidly at first (when the sample was irradiated at the dose of 1 × 10 14 cm −2 ) and then decreases slowly. The atomic force microscopy three-dimensional pictures showed that after irradiation of graphite of Xe + ions with a dose of 3 × 10 15 cm −2 hemispherical grains (from 0.2 to 0.8 µm in diameter) appear on its surface. Surface water contact angle measurement showed that irradiation of graphite by Xe + ions leads to a hydrophobic surface of graphite. We have observed that irradiation of graphite by Xe + ions can be used for obtaining graphite surface with desirable topography and water wettability.
Introduction
Graphite is a candidate material for many technological applications, such as barrier or antifriction coating, foundry facings, etc. Thus the surface properties, such as morphology, mechanical properties and wettability, are important for the performance of the final system, therefore they have attracted considerable interest of many investigators recently [1] [2] [3] [4] [5] . Studies devoted to the investigation of the irradiation of graphite show that its properties are greatly affected by ion irradiation. However, the effect of irradiation on the morphology and the wettability of graphite as well as the mechanisms of the change of these properties remain unclear up to date.
This work deals with the influence of Xe + ions irradiation of graphite on its surface topography and wettability.
Experimental
Typically graphite samples had a size of 10 × 8 mm 2 and thickness of 3 mm. Atomic force microscopy (AFM) study of graphite samples was performed using the NT-206 microscope ("Microtestmashines") in the contact mode with the silicon cantilever tips CSC21 ("MicroMash"). Roughness values in this paper refer to those of the average surface roughness, R a , calculated from the AFM surface topographic data. Contact angle measurement was based on the sessile-drop method described in [6] . The wetting agent was doubly distilled water.
Results and discussion

Surface morphology
The AFM was utilized to examine the topography and the roughness of graphite samples. The images are shown in Fig. 1A -D. These pictures indicate clearly how the shape of the surface changes with the increase of the irradiation dose. The topography parameters are listed in Table. 1B) show that mainly small flakes disappeared and the pores between the flakes became deeper (as a result, the full area of the surface of graphite decreases and its R a increases, Table) . In other words, the surface of graphite became simpler, and represents a set of large inhomogeneities, separated by deep pores.
When the irradiation doses were 3 × 10 14 ions/cm 2 and higher, the process of sputtering of the surface was more uniform. As a result, pores between the flakes became wider and hillocks assumed a rounded shape, Fig. 1C . The AFM three-dimensional pictures show that after irradiation of graphite of Xe + ions with a dose of 3 × 10 15 cm −2 hemispherical grains (from 0.2 to 0.8 µm in diameter) appear on its surface (Fig. 1D) , it could be attributed to the formation of xenon bubbles on the graphite surface.
Suvorov et al. [7] reported the presence of certain threshold values of the irradiation dose for each type of ions, the excess of which leads to the decrease of R a of the surface of graphite, or at least, its constancy. Our measurements are in a good agreement with that R a of the initial graphite was found to be 226.2 nm. Dependence of R a on the irradiation dose is indicated in Fig. 2A . It is shown that R a is increased by 37% at the first stage (from 0 to 1 × 10 14 ions/cm 2 ). When the irradiation dose is higher than 1 × 10 14 ions/cm 2 (from 1 × 10 14 to 3 × 10 15 ions/cm 2 ), the average roughness is decreased ( Fig. 2A) . These results indicate the possibility of managing the roughness of the graphite surface by changing the dose during irradiation.
The possible mechanisms of the formation of the surface irradiated graphite are formation of the amorphous phase, accumulation of Xe atoms in the surface layers of graphite, as well as sputtering the surface and the precipitation of sputtered carbon. The shield cooled by liquid nitrogen efficiently prevents redeposition of sputtered elements. The dependence of R a on a dose of ion irradiation, as we assume, is connected with primitive accumulation of Xe atoms in the surface layers of graphite and breaking of basic planes of graphite, the possibility of which was reported by the authors [8] , who studied the influence of N + irradiation (30 keV, 10 16 -10 18 cm −2 ) on topography of a surface and structure nearsurface layer of graphite. Figure 3 shows the position of a water drop on the surface of the initial graphite and Xe + irradiated graphite. Mean values of water contact angle (CA) at five different positions were recorded and averaged in Table. In Fig. 2B the variation of CA of samples with the irradiation dose is given. The wettability test results show fundamental difference between the contact angle of initial graphite (70.6
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• ) and the contact angle of experimentally modified surfaces (93.2
• -123.9
• ). Irradiation of graphite of Xe + ions leads to a hydrophobic surface of graphite.
The dependence of the value CA on a dose of ion irradiation (Table, Fig. 2B) , as traced by the change in the form of water drops on the surface of the samples (Fig. 3A-E) , is similar to that of the average roughness from a dose.
These results indicate the possibility of managing the water wettability of the graphite surface by changing the dose during irradiation.
Conclusions
Investigation of influence of Xe + ions irradiation of graphite on its surface topography and wettability was conducted.
We have shown in this paper the presence of threshold value of the irradiation dose for Xe + (1 × 10 14 ions/cm 2 ), the excess of which leads to the decrease of R a of graphite. With the increase of the irradiation dose, the roughness average increases rapidly at first (when the sample is irradiated at the dose of 1 × 10 14 cm −2 ) and then decreases. Probably this dependence could be explained by primitive accumulation of Xe atoms in the surface layers of graphite and by breaking of basic planes of graphite, which facilitates the sputtering of the surface.
The AFM three-dimensional pictures showed that after irradiation of graphite of Xe + ions with a dose of 3 × 10 15 cm −2 hemispherical grains (from 0.2 to 0.8 µm in diameter) appear on its surface, it could be attributed to the formation of xenon bubbles on the graphite surface.
Contact angle measurement showed that irradiation of graphite of Xe + ions leads to a hydrophobic surface of graphite. Graphs of the dependence of CA and R a vs. the irradiation dose are similar. We have observed that irradiation of graphite of Xe + ions can be used for receiving graphite surface with desirable topography and water wettability.
